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SUMMARY 


An  analysis  and  comparison  has  been  made  of  the 
pitching-moment  characteristics  of  airfoils  with  plain 
flans  and  spoilers.   Aerodynamic  section  characteristics 

of  an  NACA  27-;i2  airfoil  having  a  retracted  slotted  flap 
with  a  plain,  a  slot- lip,  and  a  retractable  aileron  are 
also  presented  for  a  large  range  of  aileron  deflections. 

The  analysis  indicated  that  the  pitching  moments 
produced  by  spoilers  were  less  positive  than  those  pro- 
duced by  plain  flaps  of  equal  effectiveness.   The  data 
from  two  isolated  cases  indicated  that  the  pitching 
moments  created  by  the  spoiler  increased  less  with  Mach 
number  than  the  Ditching  moments  produced  by  the  plain 
flap.   The  positive  values  of  the  pitching  moments  produced 
by  both  the  plain  flaps  and  the  spoilers  decreased  as 
the  devices  were  located  nearer  the  airfoil  leading  edge. 


ROD  ""ION 


The   NACA  has    undertaken    a   brief    investigation   of    the 
pitching-moment    characteristics    caused   by   various    lateral- 
control   devices   far   application  to   wing-twist  problems    in 

high-speed   flight.      Pitching-moment   data   for   plain-flap 
controls   have    been   published  previously    (see    references    1 
to    5  j    for   example)    and   some    data  for   spoiler-tyre    controls 
have    been   published   in   references    p    tc   7«      The    effects    of 
trailing-edge   modifications    on    the  pitching-moment 
characteristics    of    airfoils    with  plain    flaps    have    been 
discussed   in   reference    3. 
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Tests    in    two-dimensional   flow   of    an  NACA  23012    airfoil 
with   a  plain    aileron    and  with  two   spoiler- type    ailerons 
(a   slot-lip    and    a   retractable    aileron)    were   reported   in 
reference   9>    but   the   pitching -moment   data   were   not  presented. 
The   present   report   gives    the    section  pitching-moment 
characteristics    and  other   section   data   for    these    three 
arrangements.      A   brief    analysis    is    also    included   of   various 
data   on   the   pitching-morient   characteristics    of    airfoils 
with  elain   flaps    and  with   spoilers. 


COEFFICIENTS    AND   SYMBOLS 

The    coefficients    and    the    symbols    used   herein    are 
defined   as    follows: 

Cj,  airfoil    section    lift    coefficient    (i/qc) 

C£  airfoil    section    profile-drag   coefficient    ( d  /qc ) 

c  airfoil   section   pitching-moment    coefficient   about 

quarter-chord   point    of    airfoil    (m/qc^) 

cha  aileron    section   hinge -moment    coefficient    (ha/qca   ) 

where 

I  airfoil  section  lift 

d0  airfoil  section  profile  drag 

m       airfoil  section  pitching  moment  about  quarter- 
chord  point 

ha      aileron  section  hinge  moment 

q       dynamic  pressure  ?  -=rpy    j 

\2       / 
c       chord  of  basic  airfoil  with  flap  neutral 

ca      chori  of  aileron 
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V  velocity  of   free   stream 

p  mass    density   of    air 

and 

a0       angle  of  attack  for  airfoil  of  infinite  asoect 
ratio,  degrees 

6a      aileron  deflection,  degrees;  positive  when 
trailing  edge  moves  down 

6-f      slotted-flap  deflection,  degrees;  positive  when 
trailing  edge  moves  down 

c3       chord  of. spoiler  or  retractable  aileron 

ps       projection  from  airfoil  surface  of  spoiler  or 
retractable  aileron 

x       distance  from  airfoil  leading  edge  to  flap  hinge 
line  or  to  outer  edge  of  spoiler 

■r-"-)   rate  of  change  of  pitching -moment  coefficient  with 
•'6  'cj     control  deflection  at  constant  lift 

OaA 

~]         rate    of    change    of    angle    of    attack   with   control 

5   /  c 7  deflection    at    constant   lift 

u 

[-_E|        rate    of    change 
V^o/ct  with  effect! 


of    cite hin a -mome it    coefficient 

ve    ansie    of    attack    at    constant    lift 


M       Mach  number  (v/a) 

a       velocity  of  sound  in  free  stream 
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APPARATUS,    MODEL,    AND  TESTS 

The   apparatus,    model,    and    tests    are    described  in 
reference   9.      In   brief,    the    J-   by  7-f0°t  model  was    built 
to   the  NACA  d'^Old    airfoil   profile    and,    when  mounted   in 
the    Langley  7-    by    ].  0-foot    tunnel    (described   in   reference    J ) , 
completely   spanned   the    test   section.      The    tests   were  made 
at   a   dynamic   pressure   of    16.J7   pounds   per   square  foot, 
which   corresponds    to    a  velocity   of   about   30  miles   per  hour 
and   to   e    test   Reynolds   number   of   about  2.19   x    10|J,    based 
on    the    chord   of   the   basic    airfoil.      The   effective    Reynolds 
number    (for  maximum   lift   coefficients)    was    about   3*5    x    10°, 
based  on   a   turbulence   factor   of    1.6   for   the    Langley  7_   by 
10-foot    tunnel. 

The    airfoil  profile,    the    slot   and  flap   dimensions, 
and   the    arrangements    of   the   plain-flap    end    spoiler-type 
ailerons    are    given    in    figure    1.      The    chords    of   the    plain 
and   slot-lip    ailerons    and   the    chord   of   the   retractabls 
aileron   in    its    most   extended  position   were    10   percent   of 
the   basic    airfoil   chord.      The    slotted-flap   installation 
was    that    designated  2-h   in   reference    3«      All    tests    reported 
herein   were   made   with  the   slotted   flap   retracted    (5^  =   0°). 

METHODS    OF    ANALYSIS 


The  primary    aerodynamic   factor   contributing   to  wing- 
twist   during  rolling   in  high-speed  flight   is    the   pitching 
moment  produced  by    the    lateral-control   aevice.      For  normal 
wings    and    ailerons,    the   pitching  moment  produced  by 
aileron   deflection   twists    the   wing   In   such   a  way   that   the 
lift   induced   by   the    twist    opposes    the    lift    induced   by   the 
aileron   deflection    and   thus   effectively  reduces    the    lateral 
control    available.      The   pitching  moment    (or   the  wing   twist) 
produced   by   a   given    aileron   deflection   increases    approx- 
imately  as    bhe    square    of    the    speed   and    at   some   point    the 
lift    indue sd   by   the  wing   twist    balances    the    lift    induced 
by   the    aileron   deflection    and   the    airplane    does   not   roll 
when    the    ailerons    ere   deflected.      The   speed   at  which  the 
lateral   control  becomes    zero   is    known    as    the   reversal 
speed. 

In   order   to    judge    the    relative   merits    of   various 
lateral-control   devices    with  respect   to  wing   twist,    the 
pitching-moment   characteristics  must   be   compared   on   the 
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basis    of   equal   effectiveness.      The   pitching-moment 
parameter  used   should   therefore    be   based   on    the    change 
in  rolling  moment,    lift,    or   effective    angle   of   attack 
oroduced   by    the    aileron    rather    than   on   the    aileron 

/b  cm\ 

deflection  or  sooiler  projection.   The  slope  \  r / 

\6ao/ol 

was    therefore    used   to    compare    all   the    plain   flaps    and 
spoilers   on    an      equal-effectiveness    basis,    since    this 
parameter   indicates    the    change    in   pitching -moment   coef- 
ficient     resulting  from   a  unit   change   in   the   effective 
angle    of    attack  of   the    portion   of   the  wing   covered   by   the 
aileron. 

The   slooe   of   the    oitching-moment-coef f icient   curve 
was    taken    at    constant    lift    (c-,   =    0.1)    because,    when    the 
airplane   is    rolled   by    the    ailerons,    the    aileron    section 
of   the   wing   operates    at  nearly   constant    lift.      Although 
spoiler-type    ailerons,    since    they   are   used   en   only   one 
wing   at    a   time,    operate    farther   from   conditions   of   constant 
lift   than    the   plain-flap    ailerons,    the   parameter    at 
constant    lift   is    still   believed   to   be  more  nearly   repre- 
sentative   of   actual   conditions    than    a  parameter    at   constant 
anele    of    attack. 


A  logical   abcissa    against   which  to  plot 


/6 
\daa 


I 


for  plain  flaps  would  be  the  flap  chord  but,  when  spoiler 
data  must  also  be  presented  on  a  comparable  basis,  such 
an  abcissa  is  no  longer  logical  because  spoiler  chord 
(or  projection)  is  analogous  to  flap  deflection  rather 
than  to  flap  chord.   The  data  were  therefore  plotted 

inst  the  chordwise  location  of  the  plain-flap  hinge 
line  Oi'  of  the  outer  edge  of  the  spoiler.   For  devices 
such  as  the  slot-lip  ailerons,  which  were  considered  to 
be  spoilers,  the  location  used  was  the  average  location 
of  the  aileron  trailing  edge  over  the  deflection  range 
considered. 

All  the  finite-span  data  (references  5  sn<3-  6)  were 
converted  to  section  characteristics  by  use  of  refer- 
ences 10  and  11.   The  values  of  aspect  ratio  used  with 
the  charts  of  reference  10  in  computing  section  character- 
istics from  the  data  of  reference  6  were  corrected  for  Mach 
number  effects  by  the  method  of  reference  12.   At  each 
value  of  Mach  number,  the  geometric  aspect  ratio  was 

multiplied  by  the  factor  ••.  1  -  l'~.      This  procedure  gives 
an  effective  reduction  in  aspect  ratio  as  the  Mach  number 
is  increased. 
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Test  arts.-  The  aerodynamic  section  characteristics 
of  an  NACA  23Q12  airfoil  having  a  retracted  slotted  flap 
with    a    plain,    a   slob-lip,    and    a  retractable    aileron    are 

sented  in   figure   2.      The    lift   and  drag    (or  rolling- 
moment    ana   yawing-maiaent )    characteristics    and    the   hinge- 
moment   characteristics   have    bean    amply    discussed   in   refer- 
ence  9*      The    pitching -moment   data   presented   in   figure    2, 
together  with  other   published   ana   unpublished   data  for 
Mach  numbers   up    to   about   O.J,    have    been   summarized    ana   are 
presented   in    figure    J  . 

Pitching   moments    produced   by  pi"in    fires.-    The 
experimental   data    or;   the   pitching  moments    produced   by 
plain   flaps    shown    in   figure   5    agree   very  well   with  values 
computed   from   Glauert's    thin- airf oil   theory    (references    1 
and  2)    both  in  magnitude    and    in   variation   with     x/c . 
These   data    indicate    that,    for   equal   changes    in   effective 

Le  of  attack  (equal  rolling  moments),  wide-chord  flaps 
produced  smaller  pitching  moments  than  nsrrcw-chord  flaps 
s;d,  consequently,  that  the  use  of  wide-chord  flaps  would 
allow  the  attainment  of  higher  values  of  the  reversal 
speed.  The  use  of  wide-chord  flans,  however,  will  be 
limited  by  whether  their  hinge  moments  can  be  well  enough 
balanced   to    produce    reasonable    values    of    stick   force. 

It    should    be   noted    that    the    dsta   of   reference    3 
indicate    that    the   pitching  moments   produced  by   plain 
flaps   may  be   reduced  by   increasing    the    angle   between    the 
unpen    and   lower   surfaces    of   the    flap    at   the    trailing   edge. 

Pitching   moments    produced   by   spoilers.-    The 
experimental  d*ata  on  fhe "pitching  moments"  produced   by 
spoilers    force    a   relatively   smooth  curve    (fig.    3)    snd 

indicate    that,    for   equal   effectiveness,    the    spoiler 
located  nearest    the    sir-foil    leaping    edge    oroduces    the 


smallest    positive   values   of   i ...  ..S  i      .        With   a  spoiler 

VaoJoz 
located   ahead  of    about   0. 14.5c,    the   wing   twist  might 
augment   rather    than   reduce    the   rolling   effectiveness. 
The    use    of    spoilers    located   so    near   the    airfoil    leading 
edge,    however,    is   not    recommended   since    many   previous 
wind-tunnel    and  flight   investigations   have    indicated   that 
the    tendencies    toward    lag    and    erratic    action    increase    as 
the   spoiler   is    olaced  nearer   the    airfoil    leading  edge. 
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The    locations   of   the    spoiler   installations    found   acceptable 
have    v?ried   from   about    0.60c    to    about    O.G^c. 

Go". -' prison    of    'it  cuing-   moments    produced   by  olain    flaps 
and   spoilers.-   The  (let a  presented  in   figure    3   indicate 
that    the   pitching  moments    produced  by  plain   flaps    and 
spoilers   have    about  equnl   variations    with  flap   or   spoiler 


chordwise    location   and   that   the    values    of  (  -— ; '-  )  are 

\SOo/cj 

less   positive  for   the    spoilers    than   for  the   plain   flaps. 
When    a  comparison   is   made    at   chordwise   locations   normally 
used   -    that   is,    0.7Cc    to   0.75c    for   spoilers    and  O.SOc    to 
0.85c   for   plain    flans,    the    Ditching  moments   produced  by 
spoilers    are    about    one-half   or   less    of   the    pitching 
moments    produced   by  plain   flaps    of   the    same    effectiveness. 

7;ach  number    effects.-   Data   or    the    effects    of   Mach 


number   or    the    pitching  moments   produced  by   cortroi 
surfaces    are   relatively   scarce.       A  comparison   is    oresented 
in   figure   I4.,    however,    of   the   effects    of   Mach  number   on 
the    pitching  moments    produced  by    a    spoiler    aileron    on    the 
wing   of   reference   6    and  en    the    pitching  moments   produced 
by   a  plain   flap   on    an  NACA  66,1-115    airfoil    tested   in    the 
Langley   8-foot   high-speed   tunnel.      Th^    pitching  moments 
produced  by   the   plain   flap,    in    addition   to  being   larger 
than   those    produced   by    the    spoiler,    also   increase   with 
Mach  number    at   a  rate   greater   than   that   indicated  by   the 

Glauert-Prandtl   factor         /   ■    •  ■  ^-  .     The   Ditching  moments 

VI    -   I.2 
produced   by   the   snoiier,    however,    increase    at    a  rate 

slightly    less    than    that    indicated   by  ..     ■r.-rrr        over 

VI    -    M2 
most   of   the   Mach  number   range    tested.      Although   the    data 
shown   in   figure    '14.   are  not   strictly   comparable    and    are 
for   two    isolated   cases,    there    appears    to   be    a  possibility 
that   Mach  number   effects   may  be    smaller    on    pitching 
moments    produced  by   spoilers    than   on    pitching  moments 
oroduced  by  plain  flaps. 


CONCLUSIONS 


An  analysis  of  data  on  the  pitching-moment  character- 
istics of  airfoils  with  plain  flaos  and  sooilers  indicated 
the    f o 1 1 owing   c  on  c 1 u3  i  on  s : 
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1.  The  pitching  moments  produced  by  spoilers  were 
less  positive  than  those  produced  by  plain  flaps  of  equal 
effectiveness . 

2.  The  positive  values  of  the  pitching  moments 
produced  by  both  the  plain  flaps  and  the  spoilers  decreased 
as  the  devices  were  located  nearer  the  airfoil  leading  edge. 

3*   The  data  from  two  isolated  cases  indicated  that 
an  increase  in  Mach  number  caused  less  increase  in  the 
pitching  moments  produced  by  tne  spoiler  than  in  those 
produced  by  the  plain  flao. 
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Fig.     1 
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Figure  L-  The  NACA  230IB   airfoil    with    various 
types     of   ai/eron  and  with  a   slotted  flap. 
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Fig.    2a 
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Fig.  2b 
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CONFIDENTIAL 


NACA    ACR    No.    L5C24a 


Fig.    2c 


^ 

$ 

$ 

<o 

V 

-f  -c 

5o» 

V 

JK 

.<b 

0. 

<0 

V, 

§ 

* 

v! 

Ml 

•K 

O) 

<0 

<o 

-K 

V^ 

N 

<^ 

-5 

§ 

< 

5 

£ 

<r 

<N» 

£ 

^ 

A 

< 

^ 

^ 

<o 

1) 

11 

X 

<T> 

*>* 

V 

^> 

^ 

<J 

.08 

CONFIDENTIAL 

— 

04 

_y-^ 

A^c^HrH^^ 

Ir^t 

0 

J     £ 

04 

c 

7 

08 

C-       -*."!          ^ 

5 

_<r 

s---  i\ 

t^f^^O 

*■= — 

.1 

*J — *\ 

yj 

.1 

r\ 

1.6 

0 

I.Z 

/ 

.8 

Gl 

Y 

6 

(percent 

.4 

r 

o      0 

A      3.33 
□      3.33 
V      3.33 
<C>     6.67 
>      6.67 

0 

9^^r. 

Y 

-.4 

J&K 

J 

Y 

<    I0.0i 

0 

I 

W 

i 

Y 

-.8 

< 

V 

C( 

NAT 

MMin 

DNAL 
;e  FOR 

UJVISO 
AEROt 

AUTICS 

I.Z 

-t 

\ 

-" 

\ 

t 

7 

i 

i 

i 

r~ 

/ 

2 

/ 

6^ 

2 

0 

I 


Ps 


0 

3.33 
5.18 
6.86 
6.67 
10.00 
10.00 


Angle  of  attack,  a0,  deg 
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